The aim of the study was to evaluate the expression of EGFR and Bcl-2 proteins as inhibitory markers of apoptosis in surface epithelial cells and gland cells of antral gastric mucosa in children infected with Helicobacter pylori according to the severity and activity of antral gastritis and to assess the correlation between the number of cells expressing EGFR and the number of cells expressing Bcl-2 in H. pylori infected children.
IntroductIon
Apoptosis, as a process of programmed death cell, necessary for maintaining intercellular homeostasis, as well as regulating inflammatory processes, is characterized by a complex molecular pathomechanism, which is still not clear.
Apoptosis in the epithelial cells and gland cells of gastric mucosa is activated by two independent pathways:
• the death receptor pathway, also called extrinsic, including receptor CD95 and epidermal growth factor receptor (EGFR) [15] • the mitochondrial pathway, also called intrinsic, leading to activation of pro-apoptotic (Bax, Bak, Bok, Bad, Bik, Bim, Blk, Noxa, Puma) and anti-apoptotic (Bcl-2, Bcl-xL, Bcl-w, Bcl-B, Mcl-1) proteins. The two groups of proteins are members of the Bcl-2 family of proteins [8] .
Both EGFR and Bcl-2 mitochondrial proteins induce cell proliferation and cause chronic inflammatory changes in the gastric mucosa in children infected with Helicobacter pylori and are included among inhibitors of apoptosis in pediatric patients [23] .
Keates et al. [12] suggest that H. pylori can induce phosphorylation of EGFR as a 170 kDa glycoprotein. H. pylori intracellular cytotoxin associated gene A protein (CagA) activates the Ras/MAPK/MAPK1 pathway, which results in excessive EGFR-induced cell proliferation [10] .
The mechanism of apoptosis inhibition by Bcl-2 and Bcl--xL proteins remains unclear. At this point, it is still unknown whether the effects of Bcl-2 on redox state, Ca 2+ compartmentalization, protein transport, ion channels and activation of cysteine protease are responsible for controlling a downstream cell death program [3] . Bcl-2 is a proto-oncogene and suppressor of apoptosis. Excessive production of this protein prolongs the life span of cells despite classic apoptotic stimulations [7] .
Gastric mucosa cell proliferation induced by EGFR and Bcl-2 mitochondrial protein activation may result in chronic inflammatory changes in the gastric mucosa in adults infected with H. pylori. It is also one of the main cancer--causing factors in adult patients [4, 19, 21, 25] . In children, atrophic changes in the gastric mucosa and intestinal metaplasia are rarely diagnosed. The duration of infection in pediatric patients appears to be too short to cause such changes; therefore H. pylori seems to be an etiologic factor in chronic gastritis in children.
The aim of this study is 1/to assess the expression of EGFR and Bcl-2 protein in the epithelial cells and gland cells of antral gastric mucosa in children with H. pylori infection (group I) according to the severity and activity of antral gastritis and 2/to evaluate the correlation between the numbers of cells expressing EGFR and Bcl-2 in H. pylori infected children.
MaterIals and Methods

Patients
The study included 44 children and adolescents with dyspeptic symptoms such as recurrent abdominal pain, eating disorders, underweight, nausea, and chronic and recurrent vomiting, which indicated gastroscopy. Abbreviations: EGFR -epidermal growth factor receptor; Bcl-2 -B-cell lymphoma 2
Before endoscopy, all parents, guardians and children above the age of 14 years gave informed consent for examination. Ethical approval for research was obtained from the local Ethics Committee at the Medical University of Bialystok, Poland.
Endoscopy
Endoscopic examination of the upper gastrointestinal tract was performed, and biopsy samples were taken from the antral gastric mucosa of 30 children with positive IgG against H. pylori and 14 children with negative IgG against H. pylori. During gastroscopy, a biopsy of mucosa was taken from the antrum of the stomach and a rapid urease test was performed (CLO test for H. pylori). The presence of H. pylori in gastric mucosal biopsies was detected using a modified Giemsa stain.
Histopathological evaluation was performed based on the updated Sydney Classification of chronic gastritis [6] . The examination was performed using the Q145 Olympus pediatric size gastroscope. General anesthesia was applied in all children under 6 years of age and in uncooperative children. During the examination, biopsy samples of gastric and duodenal mucosa were taken according to current standards.
Histopathological examination
Samples of gastric mucosa were fixed in 10% neutral buffered formalin, embedded in paraffin and cut on a microtome. Histopathological changes were assessed after staining with hematoxylin and eosin (H-E).
The severity and activity of antral gastritis were described in the four-grade updated Sydney Classification. According to this scale, the severity is measured by the presence of mononuclear cells infiltrating the epithelial layers of the gastric mucosa, a half of its thickness or the whole mucosa.
The activity of gastritis was defined based on the number of neutrophils located in the surface layer of mucosa, occupying a half of its thickness or located in the lamina propria, in the epithelial and glandular cells and in the lumen of glands. In the study group of children and adolescents with H. pylori infection, the most intensive inflammatory process measured by the severity and activity of inflammation was found in the antral gastric mucosa.
Detection of EGFR and Bcl-2 expression
Specimen preparation for the evaluation of EGFR expression was performed using monoclonal mouse anti-EGFR antibody (EnVision+System-HRP; DAKO). Microscopic preparations were deparaffinized using xylene and subjected to proteinase K activity for 7 minutes. Activity of endogenous peroxidase was blocked via 20-minute incubation of preparations in 3% hydrogen peroxide. After preparations had been washed three times in phosphate buffer saline, they were incubated with antibody against EGFR in dilution of 1:50 at 37°C.
To reduce binding of nonspecific antibodies, incubation with 0.1% bovine albumin was applied for 15 minutes. The ongoing reaction could be observed by means of diaminobenzidine.
To determine the expression of Bcl-2, polyclonal anti--Bcl-2 antibody (LSAB+System; DAKO) was used. Samples were incubated with the antibody against mitochondrial protein Bcl-2 in dilution of 1:100, for 60 minutes, at room temperature.
The quantitative evaluation of EGFR and Bcl-2 expression in the epithelial and gland cells of antral gastric mucosa was performed using Soft Imaging System Cell B (Olympus). The number of cells showing positive expression of EGFR and Bcl-2 protein, in 4 fields of the samples (Olympus CX41) at 40x magnification, for the control group and group infected with H. pylori, in the epithelium and in the mucous glands of antrum was counted. As a result, the number of cells/mm 2 with positive expression of the studied markers of apoptosis for each of the locations was obtained.
Statistical analysis
The results of laboratory analysis were processed using appropriate statistical tests and calculations. Descriptive statistics in the form of measures of central tendency, including arithmetic mean and median, and a measure of dispersion i.e. standard deviation (SD), were determined for each studied variable and each group of patients.
The Kolmogorov-Smirnov test was used to assess the distribution of the studied variables and showed that they were different from the normal distribution. The non--parametric Mann-Whitney U test was used to analyze differences between the studied groups. The Wilcoxon matched-pairs signed-rank test was applied to measure the dependent variables. The Pearson chi square test of independence was used to evaluate the interdependence between categorical variables. The Spearman rank correlation coefficient was used to analyze the correlations between variables. p<0.05 was considered statistically significant.
The data were analyzed using Statistica 8.0 in the version for personal computers with the operating system Windows.
results
Histopathological examination of antral mucosa in group I showed moderate gastritis in 56.7% and severe gastritis in 40% of children infected with H. pylori. Mild gastritis was found in only 1 child (3.3%). The degree of activity of antral gastritis was determined by measuring neutrophil infiltration and was found to be severe in 20 children (66.7%), moderate in 9 children (30%) and mild in 1 child (3.3%) in group I. (Fig. 1). A comparison of EGFR expression in the epithelial and gland cells of the antral gastric mucosa according to the activity of gastritis also showed a higher amount of cells expressing this receptor in the epithelium as compared to the glands. The same finding was revealed when assessing the EGFR expression according to the degree of severity of antral gastritis (Fig. 1, 2) .
In group I, with mild and moderate activity of antral gastritis, the number of cells with EGFR expression in the epithelium (mean 85.7±10.9 cells/mm 2 ) was higher than the number of cells with EGFR expression in the glands (mean 32.4±26.0 cells/mm 2 ) of antral gastric mucosa (Fig. 2) . A significant difference (p<0.008) was also found between the number of cells with EGFR expression in the epithelium (mean 80.9±16.6 cells/mm 2 ) and in the gastric mucous glands (mean 22.4±20.6 cells/mm 2 ) in group I, with severe activity of antral gastritis (Fig. 2) .
Evaluation of Bcl-2 expression in epithelial and gland cells of antral gastric mucosa according to the severity of gastritis in children from group I also confirmed the presence of a significant difference between the number of cells with Bcl-2 expression in children with mild and moderate (p<0.003), and also severe gastritis (p<0.001) (Fig. 3) .
A comparison of Bcl-2 expression in the epithelial and gland cells of the antral gastric mucosa in children from group I according to the activity of antral gastritis showed that the number of cells expressing this protein was also higher in the epithelium as compared to the glands (Fig. 4) . The same was found when assessing the Bcl-2 expression according to the degree of severity of antral gastritis (Fig. 3,4) .
A significant difference was also found between the number of cells with Bcl-2 expression in the epithelium and in the antral gastric glands in children infected with H. pylori and antral gastritis activity of mild and moderate (p<0.001), and also severe degree (p<0.007) (Fig. 4) . The analysis of correlations between the studied markers of apoptosis in group I revealed the presence of a positive correlation (p<0.01; r=0.459) between the number of cells expressing Bcl-2 and the number of cells expressing EGFR in the glands of antral gastric mucosa (Fig. 5) .
dIscussIon
The inflammatory changes in the course of H. pylori infection in children are most frequently located in the antral gastric mucosa, as indicated by many authors [13, 14, 18] . Severity and activity of antral gastritis in the course of H. pylori infection are most often diagnosed as moderate and/or severe, and only in a small number of patients is the diagnosis mild gastritis.
Most studies have suggested that H. pylori in vivo and in vitro may induce apoptosis of cells. H. pylori induced VacA toxin, lipopolysaccharide, ammonia, nitric oxide and activates apoptosis through stimulating release of inflammatory mediators [28] .
Different morphological changes in gastric mucosa and an altered immune response in children with H. pylori infection suggest assessing the expression of an individual receptor and mitochondrial markers of apoptosis, and at the same time, analyzing histopathological changes in the antral gastric mucosa of these children. Von Herbay et al. [24] and Xia et al. [26] found an association between the increase in apoptosis induced by H. pylori and the development of chronic gastritis, atrophic gastritis, peptic ulcer formation and intestinal metaplasia.
Kovalenko et al. [13] evaluated a group of 44 children aged between 7 and 15 years, including 24 children with H. pylori infection with clinically diagnosed chronic gastritis, and found that chronic gastritis in children with H. pylori infection was characterized by an increase in the expression of EGFR, which correlated with the severity and activity of gastritis. They stressed the importance of EGFR in the pathogenesis of chronic gastritis in children with H. pylori infection. According to them, infection with H. pylori causes the increase of EGFR expression, which may result in increased cell proliferation in the gastric mucosa of children infected with H. pylori.
Yan et al. [27] demonstrated that activation of EGFR is a key regulatory step in promoting an antiapoptotic response in gastric epithelial cells infected with H. pylori in vitro and in vivo. H. pylori-induced EGFR activation results in activation of Akt/PI3K kinase activity and regulation of Bcl family members, which promote gastric epithelial cell survival.
Our study confirms a statistically significant increase in the number of cells with EGFR expression in the epithelium of antral gastric mucosa of children in group I in comparison with group II, and shows that infection with H. pylori causes the increase in the expression of EGFR in the studied group of infected children.
Some authors [1, 5] emphasize that H. pylori stimulates cell proliferation and causes an increase in the expression of EGFR in gastric mucosa, while others [11, 20] indicate that in the course of infection with H. pylori, a decrease in the expression of EGFR and inhibition of cell proliferation is observed. The dualistic influence of H. pylori bacterium on EGFR expression and gastric mucosal cell proliferation, described in the available literature, pertains to adults. There are no results available on the expression of EGFR in the epithelium and glands of the antral gastric mucosa in children that we aimed to analyze in this study.
In addition to the assessment of EGFR in the studies conducted, we analyzed the expression of the mitochondrial protein from the Bcl-2 family, both in the epithelial and gland cells of the antral gastric mucosa of children infected with H. pylori and the correlations between them.
According to Maor-Kendler et al. [16] and Topal et al. [22] , the increased expression of anti-apoptotic Bcl-2 protein in the group of adult patients diagnosed with H. pylori--associated chronic gastritis may result in the progression of inflammatory changes and the development of chronic atrophic gastritis.
Maor-Kendler et al. [16] observed an increase in the expression of Bcl-2 protein in 50% of adult patients diagnosed with autoimmune gastritis and concomitant atrophy, and in 45% of patients with H. pylori-associated chronic gastritis and concomitant atrophy. They did not determine the expression of anti-apoptotic Bcl-2 protein in the epithelium in patients with H. pylori-associated chronic gastritis or concomitant atrophy.
Erkan et al. [7] also reported that Bcl-2 expression was higher in the intestinal metaplasia and chronic active gastritis groups than that in the normal gastric mucosa group.
Bartchewsky et al. [2] found significantly higher expression levels of Bcl-2 in gastric mucosa from patients with Topal et al. [22] confirmed by immunohistochemical analysis the increase in the expression of anti-apoptotic Bcl-2 protein only in 3/32 (9.3%) adult patients diagnosed with chronic gastritis and concomitant atrophy.
According to Guarner et al. [9] and Poniewierka et al. [17] , the process of atrophy in the gastric mucosa of pediatric patients is very rarely diagnosed. As presented in the available literature, in adult patients diagnosed with chronic gastritis, the increased expression of anti--apoptotic Bcl-2 protein may lead to intensification of gastritis, resulting in a higher grade of gastric mucosa inflammation or the development of an atrophic process or cancer.
In our study, we found an increase in the expression of anti-apoptotic Bcl-2 protein in both the epithelium and the glands of children infected with H. pylori diagnosed with chronic antral gastritis as compared to control children. In the studied children from group I, we also revealed a statistically significant positive correlation between the numbers of cells expressing Bcl-2 and EGFR in the glands of antral gastric mucosa.
As confirmed by the study results of Yan et al. [27] , the anti-apoptotic effect of Bcl-2 mitochondrial protein in the gland cells of the antral gastric mucosa of children infected with H. pylori increases the expression of EGFR. The authors demonstrated that infection with H. pylori, while causing an increase in the expression of EGFR, increases the anti-apoptotic effect of Bcl-2 mitochondrial protein on the gastric mucosa.
In conclusion, we observed a statistically significant increase in the number of cells expressing EGFR and Bcl-2 protein in the epithelium of antral gastric mucosa of children with H. pylori-associated chronic gastritis, which may indicate increased regenerative abilities of gastric mucosa. The positive correlation between the number of cells with EGFR expression and the number of cells with Bcl-2 expression in the infected children suggests the existence of a synergistic effect of anti-apoptotic EGFR and anti-apoptotic Bcl-2.
